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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S86Background: Total knee arthroplasrty (TKA) is the most common
treatment for end-stage knee OA, with approximately 500,000
procedures performed each year in the United States. Several studies
have examined the long-term effects of TKA on the biomechanics of
the operated knee and have found that most patient still demonstrate
poor gait patterns that are similar to their gait patterns preopera-
tively. In the frontal plane, researchers have found that KAM is
improved at 6 months after surgery, but slowly regresses back to
higher, preoperative levels after 1 year. In the long-term, KAM is not
signiﬁcantly different from preoperative levels. This ﬁnding is note-
worthy since high KAM may result in prosthetic degradation and
failure in the long term.
There is a lack of information on the biomechanical postoperative
results of surgery in the period earlier than six months. The purpose
of the present study was to determine if gait patterns of the knee in
the frontal plane are improved in the early postoperative period.
This would help determine what, if any, changes can be made to
therapy protocols to prevent regression to preoperative gait levels
with time. Furthermore, outcomes were examined across different
knee prosthetics to determine if differences exist between prosthetic
types.
Methods: Fifty patients were examined before and two months after
TKA. Patients underwent a 3D gait analysis using the Vicon Motion
Analysis system (Oxford Metrics Ltd., Oxford, UK). Patients completed
a VAS scale for pain and functional tests. Knee prosthetics included
either PCL-retaining or PCL sacriﬁcing, and custom ﬁt design or not.
Results: Peak knee varus angle during gait showed a signiﬁcant
reduction and improvement of 3.1 postoperatively (p¼0.001) (Figure
1). After surgery, ﬁrst and second peak KAM decreased to 71% and
77% of preoperative values (Figure 2), respectively (both p¼0.001),
and knee adduction impulse decreased by 30% postoperatively
(p<0.001) (Table 1) and VAS pain scores decreased by 21% (p<0.001).
Spatiotemporal parameters and functional tests did not yet show
signiﬁcant improvements by two months. No signiﬁcant differences
were found between outcomes in patients undergoing PCL retaining
TKA or PCL sacriﬁcing TKA, or between patients undergoing custom
ﬁt TKA and those not. Changes were consistent across BMI, age,
gender and pain scores.
Conclusions: TKA results in high improvement in kinematic and
kinetic parameters in the frontal plane early in postoperative recovery.
The results also suggest that there is an absence of differences
between types of knee prostheses. When compared to the ﬁndings of
previous studies, the results suggest that early after surgery, TKA
patients will show decreased, improved KAM, but these improve-
ments are slowly lost over the ﬁrst and second year postoperatively.
This highlights the importance of early intervention postoperatively
aimed at maintaining the low levels of KAM and joint loading. This
may help reduce the risk of prosthetic failure and surgical revision in
the long-term.Frontal Gait Biomechanical Parameters Before and Two Months After Total Knee
Arthroplasty
Parameter Preoperative Two Month
Follow-Up
Signiﬁcance
Spatiotemporal
Walking speed (m/s) 0.780.22 0.720.21 P¼0.069
Step length normalized
to leg length
0.560.12 0.540.12 P¼0.294
Single limb support (%GC) 33.65.1 32.85.0 P¼0.368
Kinematic and Kinetic
Peak varus angle (deg.) 4.58.4 1.45.3 P¼0.001**
Varus angle range of
motion (deg.)
4.22.8 3.02.0 P¼0.007**
Peak adduction moment
1 (%BW*Ht)
3.11.5 2.20.81 P<0.001**
Peak adduction moment
2 (%BW*Ht)
2.61.4 2.00.86 P¼0.001**
Adduction impulse 120.160.0 84.436.2 P<0.001**
Symptoms and Function
VAS Pain Scale 7.22.0 5.72.0 P<0.001**
Timed-Up-Go Test (min) 12.43.3 12.12.5 P¼0.544
6 Minute Walk Test (min) 330.7102.9 304.995.8 P¼0.102146
CAUSAL LINK BETWEEN PEAK KNEE ADDUCTION MOMENT DURING
WALKING AND STRUCTURAL PROGRESSION OF KNEE
OSTEOARTHRITIS: A SYSTEMATIC REVIEW OF COHORTS AND
RANDOMIZED TRIALS
M. Henriksen y, M. Creaby z, H. Lund x, C. Juhl x, R. Christensen y. y The
Parker Inst., Copenhagen, Denmark; zCtr. of Physical Activity Across the
Lifespan, Sch. of Exercise Sci., Australian Catholic Univ., Brisbane,
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Purpose: Although a wealth of literature indicates a link between peak
knee adduction moment (pKAM) during walking and progression of
medial tibiofemoral osteoarthritis (OA), the strength of the evidence
supporting valid associations has not been evaluated systematically.
Methods: We systematically searched MEDLINE, Scopus, AMED,
CINAHL and SportsDiscus for prospective cohort studies and random-
ized controlled trials (RCTs) from 1950 through October 2012 investi-
gating exposures to knee joint loading during walking in relation to
structural knee OA progression. Studies were included if they met the
following criteria: Prospective cohort studies or RCTs that follow-up
subjects for at least 1 year pertaining to the effect of exposure to pKAM
during walking on structural knee OA progression assessed by X-ray or
MRI. Two reviewers independently assessed eligibility and consensus
was reached via discussion. Meta-analysis was used to estimate the
combined odds ratio (OR) for structural disease progressionwith higher
baseline pKAM.
We used the Bradford Hill guidelines to derive a causation score from 0-
4 (4¼strong evidence of causality) based on 4 criteria: Strength of
association (OR>5¼strong, statistically signiﬁcant OR<5 ¼ moderate,
non-signiﬁcant OR ¼ no association); Consistency between studies
(association found in 75% of studies); Temporality (exposure precedes
progression); and Biological Gradient (risk of progression increase
incrementally with increase in pKAM) for pKAM exposure in cohort
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S87studies. A ﬁfth criterion was experimental conﬁrmation of ﬁndings in
RCTs that could up or downgrade the causation score.
PROSPERO registration no.: CRD42012003253.
Results: The search identiﬁed 957 potentially relevant studies of which
4 prospective cohort studies and 0 RCTs were included in the systematic
review. 1 cohort study could not be included in the meta-analysis
because an OR was not estimable. The cohort studies included a total of
281 patients with pKAM assessed at baseline and structural medial
disease progression assessed after 12-72 months. The OR for structural
disease progression ranged from 0.40 to 6.46 for each unit increment in
baseline pKAM (Nm/BW*HT%) in the retrieved cohorts, with the
random effects model combined OR estimated to 2.13 (95% CI 0.47 to
9.68) showing no association (Strength criterion). The ﬁndings were not
consistently replicated in the cohort studies (I2¼80%), and there are
discrepancies between baseline pKAMmagnitude among patients with
and without subsequent disease progression (Consistency criterion).
The temporality and Biological Gradient criteria were satisﬁed in 1
cohort. Consequently, the causation score from the cohort studies was
0 for pKAM during walking (table). No RCTs were found to conﬁrm or
refute the ﬁndings from the cohort studies.
Conclusions: The evidence to support a causal relationship between
pKAM during walking and medial structural disease progression is at
best very weak, based on inconsistent cohort studies with no experi-
mental conﬁrmation, and very few patients. Further evaluation of the
causal link between pKAM and structural knee OA progression from
existing and future large cohorts with subsequent conﬁrmation from
randomized trials is strongly recommended.Table 1
Study or Subgroup
(pub. year)
No of
patients
No of
cohorts
Association.OR (95%CI) for
structural disease progression
Strengtha Consistency in
ﬁndingsb No (%)
Temporalityc Biological
gradientd No (%)
Criteria
met (of 4)
Miyazaki (2002) 74 1 6.46 (2.40 to 17.42) Strong - Yes Yes
Chang (2007) 56 1 Not estimable - - No No
Bennell (2011) 138 1 1.15 (0.75 to 1.77) No Association - No No
Woollard (2011) 13 1 0.40 (0.01 - 31.86) No Association - No No
Summary 281 4 2.13 (0.47 to 9.68) No Association 1/4 (25%) 1/4 (25%) 1/4 (25%) 0
Bradford Hill scoring system notes:
a Strong association is deﬁned as OR  5 with lower 95% CI excluding 2.0, statistically signiﬁcant and in expected direction. Moderate association is any statistically signiﬁcant
association.
b Consistency is deﬁned as  75% of associations showing strong or moderate associations.
c In cohort studies it is difﬁcult (if not impossible) to ensure temporally correctness because participants in the studies are expected to walk on daily basis and therefore are
exposed to knee joint loading throughout the observation period. In the present analysis the temporality criterion is satisﬁed in studies that relate baseline knee joint loading
exposures to disease progression over time from that baseline and demonstrate a statistically signiﬁcant association.
d Statistically signiﬁcant ORs from logistic regression are considered as indicator of biological gradient.147
SEVERITY OF COEXISTING PATELLOFEMORAL OSTEOARTHRITIS IS
ASSOCIATED WITH ALTERED SAGITTAL-PLANE GAIT BIOMECHANICS
IN PATIENTS WITH TIBIOFEMORAL OSTEOARTHRITIS
M. O'Connell, S. Farrokhi, A.B. Gil, G. Kelley Fitzgerald. Univ. of
Pittsburgh, Pittsburgh, PA, USA
Purpose: Coexisting patellofemoral disease is a common ﬁnding in
a high percent of older adults with tibiofemoral osteoarthritis (TFOA).
However, few studies have investigated what biomechanical differences
might exist during gait for those individuals suffering with coexisting
patellofemoral osteoarthritis (PFOA). Therefore, thepurposeof this study
was toelucidatewhether severityof coexistingPFOAwasassociatedwith
alterations in sagittal-plane gait biomechanics in older adultswith TFOA.
Methods: Fifty-six knee OA patients with primary radiographic
evidence of medial TFOA (Grade  2) underwent instrumented gait
analysis. Participants were stratiﬁed into the following three groups
based on the severity of their PFOA: 1) No PFOA (Grade 0 & 1) N ¼ 13,
mean age 60.8 6.6yrs, 38.5% female, body mass index 26.42.6; 2)
Mild PFOA (Grade 2) N ¼ 23, mean age 64.59.4yrs, 39.1% female, body
mass index 28.54.7; and 3) Moderate/Severe PFOA (Grade 3 & 4) N ¼
20, mean age 63.57.6yrs, 60.0% female, bodymass index 32.76.2. Gait
analysis was performed using an 8-camera Vicon 612 motion analysis
system and 2 Bertec force plates embedded into an 8.5 m vinyl tiled
walkway while patients ambulated at a self-selected pace. Additionally,
quantitative isometric quadriceps strength testing and knee range of
motion assessments were performed for all subjects. Group differenceswere evaluated using a one-way analysis of variance. The direction and
strength of relationships between the biomechanical variables of
interest and knee-speciﬁc impairments was assessed using Pearson
correlation coefﬁcients.
Results: Participants with Moderate/Severe PFOA demonstrated
decreased knee ﬂexion excursions during the loading response phase of
gait compared to those with either Mild or No PF OA (10.93.9 vs.
14.15.8 vs. 15.76.3, p ¼ 0.04). However, no group differences in
peak knee joint moments were detected. Individuals with Moderate/
Severe PFOA also demonstrated a decrease in quadriceps strength
compared to those with Mild or No PFOA (1.550.56 Nm/kg vs.
1.930.55 Nm/kg vs. 2.060.29 Nm/kg; p ¼ 0.01) as well as range of
motion for both ﬂexion (124.012.2 vs. 132.811.3 vs. 137.58.6; p¼
0.004) and extension (-8.66.0 vs. -6.04.3 vs. -2.94.4 p ¼ 0.01).
Decreased loading response knee ﬂexion excursion was associated with
lower quadriceps strength in the Severe PFOA group (r ¼ 0.51, p¼0.02)
but not in the Mild or No PFOA groups. Limited knee extension range of
motion was also associated with decreased knee ﬂexion excursion
during loading response in the Severe PFOA (0.46, p¼0.05) and theMild
PFOA (r ¼ 0.50, p ¼0.01) but not in the No PFOA group.
Conclusions: It has been previously suggested that patellofemoral joint
symptoms usually occur when the joint is placed in a ﬂexed and loaded
position, such as in the loading response phase of gait. Findings from
this study suggest that knee OA patients with more severe coexisting
PFOA demonstrate a pattern of decreased knee ﬂexion excursion during
loading response. As decreased knee ﬂexion can lead to reduction of
patellofemoral joint contact area and elevated joint stresses, thereduced loading response knee ﬂexion excursion in individuals with
more severe PFOA may contribute to further progression of PF disease.
In addition, decreased knee ﬂexion excursion could have deleterious
long-term consequences for the tibiofemoral joint by reducing the
potential contact areas over which the weightbearing forces during gait
can be distributed, thus resulting in increased focal mechanical stress in
tibiofemoral joint cartilage. Addressing knee speciﬁc impairments such
as quadriceps weakness and limited knee extension range of motion in
a future clinical trial may be warranted to mitigate alterations in gait
biomechanics in individuals with TFOA along with coexisting PFOA.148
CLASSIFICATION OF KNEE OSTEOARTHRITIS ACCORDING TO SPATIO-
TEMPORAL GAIT ANALYSIS
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Purpose: Knee osteoarthritis (OA) is a common disease with estimated
prevalence of 30% in patients over the age of 60. Classiﬁcation systems
have focused on radiology and clinical symptoms alone. The gait
changes in patients suffering from knee OA are well documented in the
literature and include, among other, lower step length and velocity. In
this work we are suggesting a new classiﬁcation method for knee OA
based on spatio-temporal gait analysis.
